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ABSTRACT 



Primary Examiner — Peter S. Wong 



Based on the difference between a battery voltage immedi- 
ately after the battery is left to stand and the battery voltage 
upon elapse of the period of time after the battery has been 
left to stand, it is determined whether the battery has been in 
a charge mode or a discharge mode immediately before the 
battery is left to stand. If the battery has been in the charge 
mode, then a residual capacity is determined from the 
battery voltage at a predetermined time. When the battery is 
being discharged, then a maximum battery output is calcu- 
lated based on a discharge current. If the residua] capacity of 
the battery is determined as being virtually zero based on the 
maximum output, then the residual capacity is corrected 
with a corre ctive capacity for correcting for a change in the 
residual capacity due to a degradation of the. .battery, thus 
determining the residual capacity of the required charge 
quantity is calculated from the detected residual capacity 
and a stored rated capacity of the battery, and a temperature 
corrective coefficient for correcting the required charge 
quantity is determined. The residual capacity of the battery 
is determined based on an actual charge quantity indicative 
of an integrated average charging current at predetermined 
periods and the charging efficiency based on battery voltage 
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METHOD OF DETECTING RESIDUAL 
CAPACITY OF BATTERY FOR USE ON 
ELECTRIC VEHICLE 

BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

The present invention relates to a method of detecting the 
residual capacity of a battery for use on an electric vehicle, 
and more particularly to a method of detecting the residual 
capacity of a battery for energizing an electric motor to \q 
propel an electric vehicle while the battery is being dis- 
charged, charged, and left to stand. 

2. Description of the Related Art 

Electric vehicles carry secondary batteries that are charge- 
able for reuse as a power supply for energizing motors for is 
propelling the electric vehicles and various electric acces- 
sories. 

Hie batteries on electric vehicles may be in a discharging 
condition in which they supply an electric current to the 
motors and electric accessories, a charging condition in 20 
which they are charged by an electric current supplied from 
a battery charger, and a standing mnrie. in which they are 
neither being discharged nor charged but the electric 
vehicles are left to stand. 

For detecting the residual capacity of a battery on an 25 
electric vehicle, it is customary to integrate discharge cur- 
rents at given periods of time, thereby calculating an inte- 
grated discharge quantity when the battery is being dis- 
charged, cither subtract the integrated discharge quantity 
from a residual capacity of the battery immediately before 30 
the battery starts being discharged or integrate charging 
currents al given periods of lime when the battery is charged, 
thereby calculating an integrated charge quantity, and adding 
the integrated charge quantity to the residual capacity of the 
battery immediately before the battery starts being dis- 35 
charged. The calculated residual capacity of the battery is 
displayed on a residual capacity indicator on the front 
instrumental panel or the like of the electric vehicle. 

The driver of the electric vehicle sees the displayed 
residual capacity of the battery, and charges the battery with 40 
a battery charger before the residual capacity indicator 
points to an indication "0", i.e., an empty level. 

According to the above conventional process of calculat- 
ing the residual capacity of a battery, the calculated residual 45 
capacity tends to differ from the actual residual capacity of 
the battery because of a detection error of the charging 
current which is supplied to the battery when the battery is 
charged and a detection error of the discharge current which 
flows from the battery when the battery is discharged. ^ 

Another problem is that it is difficult to detect the residual 
capacity of a battery with high accuracy because the residual 
capacity varies depending on the temperature of the battery, 
the aging of the battery, and the discharge current per unit 
time. 5S 

If the residual capacity indicator displays a residual 
capacity higher than an actual residual capacity, then the 
driver may be liable to determine a time to charge the battery 
in error. For example, the actual residual capacity may reach 
the empty level even though the residual capacity indicator eo 
does not point to the empty level. When this happens, the 
speed of travel of the electric vehicle suddenly drops, and 
the electric vehicle is no longer able to run normally. 

SUMMARY OF THE INVENTION 

65 

It is therefore an object of the present invention to provide 
a method of detecting the residual capacity of a battery for 
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use on an electric vehicle highly accurately while the battery 
is being discharged, charged, and left to stand, without the 
danger of displaying the detected residual capacity at a level 
higher than an actual residual capacity of the battery. 

According to the present invention, the above object can 
he achieved by a method of detecting the residual capacity 
of a battery for energizing an electric motor to propel an 
electric vehicle while the battery is being discharged, based 
on an initial value of the residual capacity of the. battery 
upon a transition of the battery from another condition to a 
discharging condition and a discharge current at every 
predetermined period from said battery after said transition, 
said method comprising the steps of calculating a maximum 
output which can be produced mom said battery based on the 
discharge current at every predetermined period from said 
battery and a battery voltage while, the battery is being 
discharged, calculating a maximum output density by divid- 
ing said maximum output by a weight of said battery and 
determining whether the residual capacity of the battery is 
virtually zero or not based on the maximum output density, 
calculating a degradation error corrective capacity for cor- 
recting for a change in the residual capacity due to a 
degradation of the battery or an integration error corrective 
capacity for correcting for an integration error of the dis- 
charge current at every predetermined period from said 
battery, when the residual capacity of said battery is virtually 
zero, and correcting the residual capacity of said battery 
which has been calculated based on the initial value of the 
residual capacity of the battery and the discharge current at 
every predetermined period from said battery, with said 
degradation error corrective capacity or said integration 
error corrective capacity, for thereby calculating the residual 
capacity of said battery while the battery is being dis- 
charged. 

According to the present invention, the above object can 
also be achieved by a method of detecting the residual 
capacity of a battery for energizing an electric motor to 
propel an electric vehicle while the battery is being dis- 
charged, based on an initial value of the residual capacity of 
the battery upon a transition of the battery from another 
condition to a discharging condition and a discharge current 
at every predetermined period from said battery after said 
transition, said method comprising the steps of detecting a 
battery voltage at every predetermined period while the 
battery is being discharged, determining whether the 
detected battery voltage while the battery is being dis- 
charged is lower than a preset value or not, determining the 
residual capacity of the battery as being virtually zero when 
the detected battery voltage while the battery is being 
discharged is determined as being lower than said preset 
value, to calculate a degradation error corrective capacity for 
correcting for a change in the residual capacity due to a 
degradation of the battery or an integration error corrective 
capacity for correcting for an integration error of the dis- 
cbarge current at every predetermined period from said 
battery, and correcting the residual capacity of said battery 
which has been calculated based on the initial value of the 
residual capacity of the battery and the discharge current at 
every predetermined period from said battery, with said 
degradation error corrective capacity or said integration 
error corrective capacity, for thereby calculating the residual 
capacity of said battery while the battery is being dis- 
charged. 

According to the present invention, the above object can 
further be achieved by a method of detecting the residual 
capacity of a battery for energizing an electric motor to 
propel an electric vehicle upon a transition of the battery 
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from another condition to a discharging condition, compris- 
ing the steps of detecting a residual capacity of the battery 
based on a battery voltage at the time the battery starts being 
charged, and calculating a required charge quantity from the 
detected residual capacity and a stored rated capacity of the 5 
battery, detecting a battery temperature, and determining a 
temperature corrective coefficient to correct said required 
charge quantity with the battery temperature, based on said 
battery temperature, calculating a target charge quantity at 
said battery temperature from said required charge quantity 
and said temperature corrective coefficient, determining a 
charging efficiency representative of a proportion of a charg- 
ing current which is converted into a residual capacity, of a 
charging current which is supplied to the battery, based on 
the battery voltage while the battery is being charged, and 
determining an actual charge quantity from an integrated 15 
charge quantity indicative of an integrated average charging 
current at every predetermined period and said charging 
efficiency. 

According to the present invention, the above object can 
also be achieved by a method of detecting the residual 20 
capacity of a battery for energizing an electric motor to 
propel an elecuic vehicle when the battery is left to stand 
after the battery has been either charged or discharged, 
comprising the steps of detecting a first battery voltage 
immediately after the battery is left to stand and a second 25 
battery voltage upon elapse of a predetermined time after the 
battery is left to stand, and calculating the difference 
between said first battery voltage and said second battery 
voltage, determining whether the battery has been in a 
charging condition or a discharging condition immediately 30 
before the battery is left to stand, based on said calculated 
difference, reading a third battery voltage corresponding to 
said second battery voltage from first memory means which 
stores said third battery voltage which is expected to be in 
a stable state of the battery voltage in a manner to corre- 
spond to said second battery voltage, when the battery is 35 
determined as having been in the charging condition, and 
reading a residual capacity of the battery corresponding to 
the read third battery voltage from second memory means 
which stores said residual capacity in a manner to corre- 
spond to said third battery voltage. 40 

According to the present invention, the above object can 
also be achieved by a method of detecting the residual 
capacity of a battery for energizing an electric motor to 
propel an electric vehicle when the battery is left to stand 45 
after the battery has been either charged or discharged, 
comprising the steps of detecting a first battery voltage 
immediately after the battery is left to stand and a second 
battery voltage upon elapse of a predetermined time after the 
battery is left to stand, and calculating the difference ^ 
between said first battery voltage and said second battery 
voltage, determining whether the battery has been in a 
charging condition or a discharging condition immediately 
before the battery is left to stand, based on said calculated 
difference, and reading a residual capacity of the battery 55 
corresponding to said second battery voltage from memory 
means which stores said residual capacity in a manner to 
correspond to said second battery voltage, when the battery 
is determined as having been in the discharging condition. 

Generally, the voltage of a battery on an electric vehicle 60 
increases immediately after the battery is discharged. If a 
residual capacity of the battery were calculated based on the 
increased battery voltage, then the residual capacity of the 
battery would become inaccurate, possibly introducing a 
problem at the time the electric vehicle starts to run. 55 

According to the present invention, a residual capacity of 
the battery is determined on the basis of a battery voltage 
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which is expected to be in a stable state established after 
elapse of a sufficient period of time. Therefore, the residual 
capacity of the battery can be determined highly accurately. 

The above and other objects, features, and advantages of 
the present invention will become apparent from the fol- 
lowing description when taken in conjunction with the 
accompanying drawings which illustrate a preferred 
embodiment of the present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an apparatus for displaying 
the residual capacity of a battery for use on an electric 
vehicle; 

FIG. 2 is a diagram showing storage areas of a RAM in 
the apparatus shown in FIG. 1; 

FIG. 3A is a graph showing a look-up table stored in an 
LUT memory in the apparatus shown in FIG. i, which 
represents the relationship between the voltage per battery 
and the residual capacity of batteries; 

FIG. 3B is a graph showing a look-up table stored in the 
LUT memory which represents the relationship between the 
temperature of the batteries and the temperature corrective 
capacity; 

FIG. 4A is a graph showing a look-up tabic stored in the 
LUT memory which represents the relationship between the 
average discharge current in one minute and the current 
corrective capacity; 

FIG. 4B is a graph showing a look-up table stored in the 
LUT memory which represents the relationship between the 
voltage per battery and the charging efficiency; 

FIG. SA is a graph showing a look-up table stored in the 
LUT memory which represents the relationship between the 
voltage per battery 30 minutes after the battery has been left 
to stand and the voltage per battery which is predicted when 
the battery is stable; 

FIG. SB is a graph showing a look-up table stored in the 
LUT memory which represents the relationship between die 
battery temperature and the temperature corrective coeffi- 
cient; 

FIG. 6 is a main flowchart of a process of detecting the 
residual capacity of the batteries in a discharge mode; 

FIG. 7 is a diagram showing the relationship between the 
discharge current and the voltage across the batteries which 
are being discharged in the discharge mode; 

FIGS. 8 through 12 arc flowcharts of a subroutine for 
calculating a degradation corrective value in the main flow- 
chart shown in FIG. 6; 

FIG. 13 is a graph illustrative of how the rated capacity of 
the batteries varies with respect to the number of charging 
and discharging cycles of the batteries; 

FIGS. 14 and 15 are flowcharts of a process of detecting 
the residual capacity of the batteries in a charge mode; 

FIG. 16 A is a graph showing the waveforms of charging 
currents supplied from a battery charger to batteries; 

FIG. 16B is a graph showing how the voltage across the 
batteries varies when they are charged by the charging 
currents shown in FIG. 16A; 

FIGS. 17 and 18 are flowcharts of a process of detecting 
the residual capacity of the batteries in a standing mode; 

FIG. 19 is a graph illustrative of bow the voltage across 
the batteries varies with respect to the time in which the 
batteries are left to stand; 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

As shown in FIG. 1, an apparatus 10 for displaying the 
residual capacity of a battery for use on an electric vehicle 
is associated with a plurality of series-connected batteries 5 
12, and an electric motor Mo cncrgizablc by the batteries 12. 
A battery charger 14 can be connected at a desired time to 
the batteries 12. 

The apparatus 10 has a current detector 16 for detecting 
discharge currents supplied from the batteries 12 to the 10 
motor Mo and other electric accessories and a charging 
current Ic supplied from the battery charger 14 to the 
batteries 12, a voltage detector 18 for detecting a voltage 
(battery voltage) E across the batteries 12, a temperature 
detector 20 for detecting the temperature of the batteries, 15 
e.g., the temperature of the electrolytic solution thereof, and 
an electronic control unit (ECU) 22 for calculating a residual 
capacity C of the batteries 12 based on detected data 
ontputted from the current detector 16, the voltage detector 
18, and the temperature detector 20. 20 

The apparatus 10 also includes a charging connector 24 
which can be joined to a charging connector 26 that is 
electrically connectable to the battery charger 14. The appa- 
ratus 10 also includes a connection sensor 28 for detecting 
whether the charging connector 26 is joined to the charging 25 
connector 24, an ignition switch 30, and an accelerator angle 
sensor 32 for detecting the angle through which an accel- 
erator pedal is depressed. The ignition switch 30, which is so 
referred to after the ignition switch of an internal combus- 
tion engine, indicates the supply of electric energy to the 30 
motor Mo when an ignition key inserted into the ignition 
switch 30 is turned to a start position to start the motor Mb. 
The apparatus 10 also has a switcher 34 connected between 
junctions with the batteries 12 and the motor Mo, and a 
power drive unit (PDU) 36 for driving the motor Mo. The 35 
ECU 22 is energized by electric energy supplied from an 
auxiliary battery 38. 

The ECU 22 has a read-only memory (ROM) 42 which 
stores a program for calculating the residual capacity C of 
the batteries 12, a random-access memory (RAM) 44 for 40 
temporarily storing data when the ECU 22 calculates the 
residual capacity C of the batteries 12, and a look-up table 
(LUT) memory 46 which is read by the ECU 22 when it 
calculates the residual capacity C of the batteries 12. 

FIG. 2 shows storage areas of the RAM 44. 

As shown in FIG. 2. the RAM 44 includes a threshold 
storage area 44a for storing thresholds that are read when 
data is determined by the ECU 22, a discharge, current data 
storage area 44b for temporarily storing a discharge current 59 
1 D that is read by the ECU 22 through the current detector 
16, a battery voltage data storage area 44c for temporarily 
storing a battery voltage E that is read by the ECU 22 
through the voltage detector 18, a count storage unit 44d for 
storing the number of times that the battery voltage E 55 
detected by the voltage detector 18 is lower than a threshold 
E t stored in the threshold storage area 44c in a discharge 
mode, an uncorrected residual capacity storage area 44e for 
storing an uncorrected residual capacity G„ and a residual 
capacity corrective data storage area 44/* for storing calcu- 50 
lated data of a temperature corrective capacity C^ a current 
corrective capacity C D , a degradation corrective capacity 
C K , and a temporary corrective capacity C^ far correcting 
the uncorrected residual capacity C ( stored in the uncor- 
rected residual capacity storage area 44e. 65 

The RAM 44 also includes a minimum discharge current 
storage area 44g for storing a minimum discharge current 
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l mtm of those discharge currents l D which are discharged 
when the battery voltage E is lower than the threshold E lf a 
battery temperature storage area 44h for storing the battery 
temperature T delected by the temperature detector 20, a 
charging efficiency storage area 44 i for storing a charging 
efficiency M determined by the ECU 22, a maximum output 
density storage area 44/ for storing a maximum output 
density that is calcnlated by dividing the maximum output 
that can be produced from the batteries 12 by the weight of 
the batteries 12, an average maximum output density storage 
area 44k for storing an average maximum output density 
which represents an average value of a certain number of 
maximum output densities, and a corrected residual capacity 
storage area 44m for storing a corrected residual capacity C r 
which is calculated by correcting the uncorrected residual 
capacity C, with various corrective values. 

FIGS. 3A and 3B through 5B show data of look-up tables 
stored in the LUT memory 46. 

FIG. 3A shows a look-up table IT from which to read the 
uncorrected residual capacity C, of the batteries 12 based on 
the battery voltage &„ B per battery. FIG. 3B shows a look-up 
table T2 from which to read a corrective value (temperature 
corrective capacity Cj-) for correcting a temperature-depen- 
dent change in the uncorrected residual capacity C, of the 
batteries 12 based on the battery temperature T detected by 
the temperature detector 20. 

FIG. 4A shows a look-up table T3 from which to read a 
corrective value (current corrective value CJ for correcting 
the uncorrected residual capacity C, of the batteries 12 based 
on an average discharge current in one minuie. FIG. 4B 
shows a look-up table T4 from which to read the proportion 
(charging efficiency M) of a current which is converted into 
the uncorrected residual capacity C, in the batteries 12, of a 
supplied charging current I c based on the battery voltage 
E^ in a charge mode in which the charging current l c is 
supplied from the battery charger 14 to the batteries 12. 

FIG. 5A shows a look-up table T5 from which to read a 
stable battery voltage predicted after elapse of a given 
period of time, based on the battery voltage E flfl after the 
battery has been left to stand for 30 minutes. FIG. 5B is a 
look-up table T6 from which to read a temperature correc- 
tive coefficient X of a charging rate Y based on the battery 
temperature T. The charging rale Y represents the difference 
between the rated capacity O f and the present corrected 
residual capacity C r of the batteries 12. 

A process of detecting and displaying the corrected 
residual capacity C r of the batteries 12 in the discharge mode 
in which currents are supplied from the batteries 12 to the 
motor Mo and the electric accessories including an air- 
conditioning unit on the electric vehicle will be described 
below with reference to FIG. 6. 

When an ignition key inserted in the ignition switch 30 is 
turned to a position to start the motor Mo by the driver, the 
ECU 22 determines that the batteries 12 are in the discharge 
mode based on a signal ontputted from the ignition switch 30 
in a step S10. The ECU 22 applies a signal to the switcher 
34 to connect the batteries 12 and the PDU 36 to each other. 
The ECU 22 also applies a motor drive signal to the PDU 36. 
allowing a battery voltage E to be applied through the 
switcher 34 and the PDU 36 to the motor Mo, which starts 
rotating. 

When the motor Mo starts rotating, the battery voltage E 
detected by the voltage detector 18 is sampled at predeter- 
mined sampling times, e.g., a period of 100 msec., and the 
sampled battery voltage E is read every minute by the ECU 
22 in a step S12. Specifically, 600 data per minute of the 
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battery voltage E arc read by the ECU 22, and stored in the 
battery voltage data storage area 44c of the RAM 44. At the 
same time, a discharge current l D supplied from the batteries 
12 to the motor Mo and detected by the current detector 16 
is sampled at predetermined sampling times, e.g., a period of $ 
1 00 msec., and 600 data per minute of the discharge current 
\ D are read by the ECU 22, and stored in the discharge 
current data storage area 446 of the RAM 44 in the step S12. 

Then, the ECU 22 calculates an average battery voltage 
E A of the 600 data per minute of the battery voltage E which 10 
are stored in the battery voltage data storage area 44c, and 
calculates a battery voltage per battery. Based on the 
calculated battery voltage E flS , the ECU 22 reads an initial 
value or the uncorrected residual capacity C, of the batteries 
12 in the discharge mode from the look-up table Tl stored ]5 
in the LUT memory 46, and stores the read initial value in 
the uncorrected residual capacity storage area 44e in a step 
S14. 

The ECU 22 counts those battery voltages E of the 600 
data which arc lower than the first threshold Ej stored in the 20 
threshold storage area 44a. and stores the count in the count 
storage area 44d in a step S16. The ECU 22 also extracts 
discharge currents l n when those battery voltages E are 
lower than the first threshold E,, and extracts a minimum 
discharge current 1^ of the extracted discharge current l n 25 
in a step S18. The ECU 22 stores the extracted minimum 
discharge current i min in the minimum discharge current 
storage area 44g. 

As shown in FIG. 7, the battery voltage E varies depend- 
ing on the discharge current 1 0 such that the battery voltage 30 
E of a more degraded battery 12 drops to a larger degree with 
a smaller discharge current l n . 

Then, the ECU 22 reads the 600 data of the discharge 
current I 0 read in the step S12 and stored in the discharge 
current data storage area 44k, adds the 600 data, calculates 35 
an average discharge current 1^ for one minute mom the 
added 600 data of the discharge current l D in a step S20. The 
ECU 22 integrates the average discharge current 1^, 
thereby producing a discharge quantity AC for one minute of 
electric energy for one minute in a step S22. 40 

The ECU 22 subtracts the discharge quantity AC for one 
minute from the initial value of the uncorrected residual 
capacity C n and updates the uncorrected residual capacity C, 
stored in the uncorrected residual capacity storage area 44e 
into the uncorrected residual capacity C r from which the 45 
discharge quantity AC for one minute has been subtracted 
according to the following equation (1) in a step S24: 
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C,«-C f -AC 



(1) 50 



The ECU 22 thus updates the uncorrected residual capac- 
ity C, every minute. The ECU 22 determines whether or not 
the updated uncorrected -residual capacity C, is equal to or 
smaller than a minimum residual capacity C^^ stared in the 55 
threshold storage area 44<z in a step S26. If the updated 
uncorrected residual capacity C, is equal to or smaller than 
the minimum residual capacity then the ECU 22 

updates the uncorrected residual capacity C, stored in the 
uncorrected residual capacity storage area 44e into the 
minimum residual capacity C m6l in a step S28. 

If the updated uncorrected residual capacity C, is neither 
equal to nor smaller than the minimum residual capacity 
then the ECU 22 determines whether or not the 
updated uncorrected residual capacity C, is equal to or 
greater than a maximum residual capacity C,^ stored in the 
threshold storage area 44a in a step S30. Jf the updated 
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iiiKrorrccted residual capacity C, is equal to or greater than 
the maximum residual capacity C ma3n then the ECU 22 
updates the uncorrected residual capacity C, stored in the 
uncorrected residua! capacity storage area 44e into the 
maximum residual capacity in a step S32. 

The ECU 22 reads a battery temperature T detected by the 
temperature detector 20, reads a temperature-dependent 
corrective value (temperature corrective capacity C^) for 
correcting the uncorrected residual capacity C, from the 
look-up table T2 stored in the LUT memory 46. and stores 
the read temperature corrective capacity Cj- in the residual 
capacity corrective data storage area 44/ in a step S34. 

Based on the average discharge current I m calculated in 
the step S20, the ECU 22 reads a corrective value (current 
corrective value Cq) for correcting the uncorrected residual 
capacity C r from the look-up table 13 stored in the LUT 
memory 46, and stores the read current corrective value C 7> 
in the residual capacity corrective data storage area 44/ in a 
step S36. 

Based on a corrective value (degradation corrective 
capacity C*) for correcting a degradation-dependent varia- 
tion in a rated capacity Cp, of the batteries 12 and an 
integrated value of discharge quantities AC, the ECU 22 
calculates a corrective value (temporary corrective capacity 
Cra,) for correcting an error of the residual capacity C which 
is produced due to an integration error of the discharge 
quantities AC when the residual capacity C is calculated, 
according to a degradation corrective capacity calculating 
subroutine (described later on), and stores the calculated 
temporary corrective capacity in the residual capacity 
corrective data storage area44/in a step S38. The temporary 
corrective capacity is also used when charging currents 
I c are integrated to calculate an uncorrected residual capacity 
C, in a charge mode. 

The ECU 22 corrects the uncorrected residual capacity C, 
with the temperature corrective capacity C p the current 
corrective value the degradation corrective capacity C*, 
and the temporary corrective capacity C^, thereby calcu- 
lating a corrected residual capacity C r according to the 
equation (2), given below, in a step S40. 



(2) 



The degradation corrective capacity calculating subrou- 
tine in the step S38 will be described below with reference 
to FIGS. 8 through 12. 

As shown in FIG. 8, the ECU 22 adds the 600 data of the 
battery voltage E read in the step S12 and stored in the 
battery voltage data storage area 44c, thereby determining a 
sum battery voltage E D in a step S38-2. The ECU 22 
multiplies the sum battery voltage E a by the sum of the 
added 600 data of the discharge current 1^ (sum discharge 
current I^) from the step S20 (E^xT^ in a step S38-4. The 
ECU 22 squares the sum of the added 600 data of the 
discbarge current \ D in a step S38-6. 

The ECU 22 determines whether or not the count deter- 
mined in the step S16 is equal to or greater than a prede- 
termined value S, in a step S38-8. If the count is equal to or 
greater than the predetermined value S,, then the ECU 22 
sets a WAIT flag to "1" in a step S38-10. The ECU 22 also 
determines whether or not the count or the number of those 
battery voltages E of the 600 data, read in one minute in the 
step S12, which arc lower than a second threshold E^ stored 
in the threshold storage area 44a, is equal to or smaller than 
a predetermined value S 2 in a step S38-12. If the count is 
equal to or smaller than the predetermined value S 2t then the 
ECU 22 sets a WAT2 flag to "1" in a step S38-14. 
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If the count determined in the step S16 is neither equal to 
nor greater than the predetermined value S x in the step 
S38-8, then control jumps to the step S38-12 without setting 
the WAT1 flat to m the step S38-10. If the count is 
neither equal to nor smaller than the predetermined value 
in the step S38-12, then control jumps to a step S38-18 
without setting the WAT2 flat to M l" in the step S38-14. 

In the step S38-18, the ECU 22 calculates an average 
maximum output density P*. 

More specifically, the ECU 22 determines a linear formula 
indicative of the relationship between the sum battery volt- 
age and the sum discharge current I D according to a 
method of least squares using the sum battery E 0 calculated 
in the step S38-2, the product of the sum battery voltage E 0 
and the sum discharge current l D calculated in the step 
S38~4, and the square of the sum discharge current I D 15 
calculated in the step S38-6, calculates a maximum output 
V wwx from the batteries 12 according to the determined linear 
formula, divides the maximum output by the weight of 
the batteries 12 into a maximum output density, and stores 
the maximum output density in the maximum output density 20 
storage area 44/ 

The maximum output density is determined according to 
the linear formula: (E a /2)x(I J /2) where Eq is the value of the 
battery voltage E 0 at the time the discharge current l D is zero 
and l s is the value of the discharge current I p when the 
battery voltage E 0 is zero. 

The ECU 22 reads N maximum output densities, e.g., five 
maximum output densities, including the maximum output 
density, in the past from the maximum output density 
storage area 44/, calculates an average of the read maximum 
output densities as an average maximum output density P A , 
and stores the average maximum output density P A in the 
average maximum output density storage area 44JL 

Then, as shown in FIG. 9, the ECU 22 integrates dis- 
charge quantities AC which are calculated in the step S22 to 
produce an integrated discharge capacity C M in a step 
S38-20. The ECU 22 subtracts the integrated discharge 
capacity C M from the initial value of the uncorrected 
residual capacity C, which is determined and stored in the 
uncorrected residual capacity storage area 44c, thus deter- 
mining an uncorrected residual capacity C, which is stored 
in the uncorrected residual capacity storage area 44e in a 
step S38-22. 

Thereafter, the ECU 22 determines whether an average 
maximum output density P A has been determined or not in 
a step S38-24. If determined, then the ECU 22 determines 
whether or not the average maximum output density is 
smaller than a threshold K that is stored in the threshold 
storage area 44a in a step S38-26. The threshold K serves to 
determine whether the virtual residual capacity C of the 
batteries 12 is "0" or not. If the average maximum output 
density P^ is smaller than the threshold Kin the step S 38-26, 
then the ECU 22 determines that the residual capacity C of 
the batteries 12 is essentially "0" in a step S38-28. 

Then, the ECU 22 determines whether or not the corrected 
residual capacity C n which has been produced by correcting 
the uncorrected residual capacity C, from the step S3&-22 
with the temperature corrective capacity C^ the current 
corrective value the degradation corrective capacity 
and the temporary corrective capacity C^, is equal to or 
smaller than "0" according to the following formula (3) in a 
step S38 30: 
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calculation of the formula (3) are values in a previous cycle 
which are stored in the residual capacity corrective data 
storage area 44/ 

If the corrected residual capacity C r is neither equal to nor 
smaller than "0" in the step S38-30, then the ECU 22 
deternunes that the corrected residual capacity C r is greater 
than "0" in a step S38-32. At this time, even though the 
virtual residual capacity C has been determined as being 
greater than "0" based on the average maximum output 
density P A in the step S38-28, the corrected residual capacity 
C r produced by integrating discharge quantities AC is deter- 
mined as being greater than "0". 

The ECU 22 then calculates the difference between the 
average maximum output density P A and the threshold K in 
a step S38-34, calculates a degraded quantity calculating 
coefficient S A by dividing the calculated difference by a 
predetermined value, e.g., "10", in a step S38-36, and 
determines whether or not the degraded quantity calculating 
coefficient S A is equal to or greater than "1" in a step S38-38. 

If the degraded quantity calculating coefficient S A is equal 
to or greater than "1", Le., if the average maximum output 
density P A is much smaller than the threshold K, then the 
ECU 22 sets the degraded quantity calculating coefficient S A 
to a maximum value of M l" in a step S38-40. Thereafter, the 
ECU 22 reads a standing flag set in a standing mode in which 
the batteries 12 are left to stand (described later on), and 
determines whether the standing flag is "1" or not in a step 
S38-42 (see FIG. 10). 

If the standing flag is "1", then the ECU 22 determines an 
integration error produced by the integration of discharge 
currents I z> in the calculation of the discharge quantity AC in 
the discharge mode, as being canceled in a step S3 8-44. 
Then, the ECU 22 determines the corrected residual capacity 
C r produced by the integration of discharge quantities AC as 
containing an error due to degradation of the batteries 12 in 
a step S38-46, and calculates a degradation corrective capac- 
ity Cjt for the batteries 12 according to the following 
equation (4) in a step S38-48: 



(4) 



The ECU 22 updates a previous degradation corrective 
capacity C R stored in the residual capacity corrective data 
storage area 44/ into the calculated degradation corrective 
capacity C^ Then, control returns to the main routine shown 
in FIG. 6. 

If the degraded quantity calculating coefficient S* is 
neither equal to nor greater than "1", as determined in step 
S38-38, the ECU 22 sets the degraded quantity calculating 
coefficient S A to the value calculated in the step S38-36 in 
a step S3S-50, and then control goes to the step S38-42. 

If the standing flag is not "1" in the step S38-42, then the 
ECU 22 determines an integration error produced by the 
integration of discharge currents I D in the calculation of the 
discharge quantity AC, as being not canceled, i.e., deter- 
mines an error due to the temporary corrective capacity 
being contained in the corrected residual capacity C r in a 
step S38-52, calculates the temporary corrective capacity 
C TM according to the following equation (5) in a step 
S38-54: 



C / +C r +C l3 -C # ^C w so. 



O) 



The values of the degradation corrective capacity C K and 
the temporary corrective capacity C™ which are used in the 
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The ECU 22 updates a previous temporary corrective capac- 
ity Cja, stored in the residual capacity corrective data 
storage area 44/ into the calculated temporary corrective 
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capacity Then, control retains to the main routine 

shown in FIG. 6. 

As. described above, when the corrected residual capacity 
C r is greater than "0" regardless of the fact thai the average 
maximum output density P A is smaller than the threshold K, 
i.e., the virtual residual capacity C is smaller than "0", the 
ECU 22 determines whether an error contained in the 
corrected residual capacity C r is caused by the degradation 
corrective capacity or the temporary corrective capacity 
• by determining whether the standing flag is "1" or not, 
and calculates and updates the degradation corrective capac- 
ity Cjf or the temporary corrective capacity based on the 
determined result. 

The standing flag is set in the standing mode (described 
later on) When the standing flag is set to "1", an integration 
error so far is canceled. 

If the corrected residual capacity C r is equal to or smaller 
than "0" in the step S38-30\»then since the virtual residual 
capacity C is smaller than "0" and the corrected residual 
capacity C r is smaller than "0", the ECU 22 determines that 
the corrected residual capacity C, does not contain errors 
due to the degradation corrective capacity C R and the 
temporary corrective capacity in a step S38-56. There- 
after, control returns to the main routine shown in FIG. 6. 

If the average maximum output density P A is not smaller 
than the threshold K in the step S 38-26, then the ECU 22 
. determines whether or not the corrected residual capacity C r 
is equal to or smaller than *V" according to the formula (3) 
in a step S38-58 (see FIG. 11). If. the corrected residual 
capacity C r is neither equal to nor smaller than "(T, then the 
ECU 22 determines whether the WAI2 flag is "1 " or not in 
a step S38-60 If the WAT2 flag is not "1", then the ECU 22 
determines whether the WAT1 flag is "1" or not in a step 
S38-62. If the WAT1 flag is not "1". then the ECU 22 
determines that the virtual residual capacity C is greater than 
"0", the corrected residual capacity C r obtained based on the 
integration of discharge quantities AC is greater than "0", 
and that the virtual residual capacity C and the corrected 
residual capacity C r obtained based on the integration of 
discharge quantities AC agree with each other, and the 
batteries 12 are in a normal condition in which the residual 
capacity C is sufficiently present. Thereafter, control returns 
to the main routine shown in PIG* 6. 

If the WAT1 flag is "1" in the step 538-62, then the ECU 
22 determines whether the minimum discharge current 1^ 
extracted in the step S18 is smaller than a threshold Kl for 
determining a reduction in the residual capacity C or not in 
a step S 38-64. If the minimum discharge current is not 
smaller than the threshold Kl, then the ECU 22 determines 
that the batteries 12 are in a normal condition in which then- 
service life has not elapsed yet due to degradation. There- 
after, control returns to the main routine shown in FIG. 6. 

If the minimum discharge current l mim is smaller than the 
threshold Kl, then the ECU 22 sets a residual capacity 
determining flag to M l" for dctcrrnimng whether a residual 
capacity is present or not in a step S38-66. Thereafter, the 
ECU 22 sets the degraded quantity calculating coefficient 
to a maximum value of "1** in a step S3 8-6 6, and then 
calculates the degradation corrective capacity C* or the 
temporary corrective capacity C^in the steps following the 
step S38-42. 

If the WAT2 flag is "1" in the step S38-60, then the ECU 
22 determines that the residual capacity C is insuffi cient, and 
then calculates the degradation corrective capacity C R or the 
temporary corrective capacity following the step S38- 
66. 

If an average maximum output density P A has not been 
determined in the step S38-24, the ECU 22 determines 
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whether or not the corrected residual capacity C r is equal to 
or smaller than "0" according to the formula (3) in a step 
S3 8-70. If the corrected residual capacity C r is neither equal 
to nor smaller than * 1 0", then the ECU 22 determines that no 
average maximum output density P A has been determined, 
but the residual capacity C is sufficient, and executes the step 
S38-60 and following steps. 

If the corrected residual capacity C„ is equal to or smaller 
than M 0" in the steps S38-58, S38-70, then the ECU 22 
determines that the corrected residual capacity C r which is 
corrected with the temperature corrective capacity C^ the 
current corrective value C^, the degradation corrective 
capacity C^ and the temporary corrective capacity C TM is 
smaller than M (T, and determines whether the WAX2 flag is 
U 1 M or not in a step S3 8-72 (see FIG. 12). If the WAT2 flag 
is not "1", then the ECU 12 determines whether the WAT1 
flag is "1" or not in a step S38-74. If the WAIT flag is not 
"1", then the ECU 12 determines whether the residual 
capacity determining flag is "1" or not in a step S38-76. If 
the residual capacity detcrrmning flag is not "1", then the 
ECU 12 determines whether an average maximum output 
density has been determined or not in a step S38-78. If 
an average maximum output density P A has been deter- 
mined, then the ECU 22 determines that the corrected 
residual capacity C r obtained based on the integration of 
discharge quantities AC is smaller than "0", but the virtual 
residual capacity C is greater than "0". The ECU 22 executes 
the step S38-36 and following steps to calculate the degra- 
dation corrective capacity C R or the temporary corrective 
capacity C TAr 

As shown in FIG. 13, the rated capacity C r of the batteries 
12 increases when the number of charging cycles increases, 
and then decreases after a predetermined number of charg- 
ing cycles have been reached. Therefore, the degradation 
corrective capacity C K can be of either a positive value or a 
negative value with respect to the rated capacity C^. 

If the residual capacity determining flag is 41 1" in the step 
S38-76, or if an average maximum output density has not 
been determined, then control returns to the main routine 
shown in FIG. 6. 

If the WAIT flag is M l" in the step S38-74, the ECU 22 
determines whether the minimum discharge current l min 
extracted in the step S18 is smaller man the threshold Kl for 
determining a reduction in the residual capacity C or not in 
a step S38-80. If the minimum discharge current I mjn is not 
smaller than the threshold Kl, then the ECU 22 executes the 
step 38-76 and following steps. If the minimum discharge 
current I^ is smaller than the threshold Kl, then the ECU 
22 determines that the residual capacity C is smaller than 
"0", and sets the residual capacity determining flag to "1" in 
a step S38-82, and thereafter, control returns to the main 
routine shown in FIG. 6. 

If the WAT2 flag is "I" in the step S38-72, the ECU 22 
determines that the residual capacity C is smaller than M 0", 
and sets the residual capacity determining flag to "1" in the 
step S38-82, and thereafter, control returns to the main 
routine shown in FIG. 6. 

As described above, in the discharge mode, an uncor- 
rected residual capacity C, of the batteries is calculated every 
minute from an initial value of the uncorrected residual 
capacity C, and an integrated value of discharge quantities 
AC for one minute, and a corrected residual capacity C r can 
be obtained highly accurately by correcting the uncorrected 
residual capacity C, with the temperature corrective capacity 
Cp, the current corrective value C^, the degradation correc- 
tive capacity C^ and the temporary corrective capacity C TM . 

When the calculated average maximum output density 
is smaller than the threshold K, which means a virtual 
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residual capacity of "0", then, ECU 22 determines whether 
a corrected residual capacity C r is greater than "0" or noL If 
the corrected residual capacity C r is determined to be greater 
than "0", then, ECU 22 determines the error between the 
virtual residual capacity C and the corrected residual capac- 5 
ity C r has been brought by which of the degradation cor- 
rective capacity C K or the temporally corrective capacity 
C^, based on the content of the standing flag. ECU 22 
calculates the degradation corrective capacity C R or the 
temporally corrective capacity C TM and can obtain the io 
corrected residual capacity C r at a high accuracy based on 
the corrective capacity C* or C^. 

The virtual residual capacity may be determined to be M 0" 
when the battery voltage while the batteries are being 
discharged is detected to be lower than a preset value. 15 

A process of detecting and displaying a residual capacity 
C of the batteries 12 in the charge mode will be described 
below with reference to FIGS. 14 and 15. 

In this embodiment, the batteries 12 are charged by a 
two-stage constant-current charging process in which a first 20 
current I x is supplied for a predetermined period of time to 
charge the batteries 12 and thereafter a second current I 2 
which is lower than the first current l x is supplied to charge 
the batteries 12. FIG. 16A shows the waveforms of the first 
and second currents I lf 1^. FIG. 16B shows how the wave- 25 
form of the battery voltage E varies when the batteries 12 are 
charged by the first and second currents I t , I 2 shown in FIG. 
16A. 

When the charging connector 26 connected to the battery 
charger 14 is joined to the charging connector 24 on the 30 
electric vehicle, the connection sensor 28 associated with the 
charging connector 24 outputs a connection signal to the 
ECU 22. The ECU 22 now determines that the batteries 12 
are in the charge mode in a step S100 (see FIG. 14), and sets 
a standing mode determining flag to "0" in a step S102. The 35 
ECU 22 also outputs a signal to operate the switcher 34 to 
disconnect the motor Mo from the batteries 12. 

Then, the battery charger 14 starts supplying a charging 
current I c to the batteries 12 in a step S104. Data of the 
charging current I t . detected by the current detector 16 are 40 
supplied to the ECU 22, and data of the battery voltage E 
detected by the voltage detector 18 are supplied to the ECU 
22. 

The charging current I c and the battery voltage E are 
sampled at predetermined sampling times, e.g., at a period of 45 
100 msec. Specifically, 600 data per minute of the charging 
current ^ and 600 data per minute of the battery voltage E 
are read by the ECU 22, and stored in the discharge current 
data storage area 44b and the battery voltage data storage 
area 44c, respectively. The ECU 22 calculates an average 50 
charging current I c for one minute and an average value of 
the battery voltage E for one minute in a step 5106* and then 
calculates a battery voltage E BB per battery in a step S107. 

The ECU 22 determines whether a fully charged flag is set 
to "1 " or not, i.e., whether the batteries 12 are fully charged 55 
or not, in a step S108. If the batteries 12 arc fully charged, 
then the ECU 22 determines that the charging current I c 
supplied from the battery charger 14 is all converted to heat 
without being converted into a residual capacity C and that 
the proportion (charging efficiency M) of a current which is 60 
converted into the residual capacity C, in the batteries 12, of 
the supplied charging current I c is 0%, and stores the 
charging efficiency M of 0% in the charging efficiency 
storage area 44* in a step S110. 

If the fully charged flag is not set to "1" in the step S108, 65 
then the ECU 22 determines that the batteries 12 are not 
fully charged, and determines whether the charging current 
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I c supplied from the battery charger 14 is the first current 1 , 
or not in a step SH2. If the supplied charging current I c is 
the first current l lt then the ECU 22 determines that the 
supplied charging current I c is all converted into the residual 
capacity C, in the batteries 12, i.e., the charging efficiency M 
is 100%, and stores the charging efficiency M of 100% in the 
charging efficiency storage area 44i in a step S114. 

If the supplied charging current 1^ is not the first current 
l u then the ECU 22 determines that the second current I 2 is 
supplied from the battery charger 14 in a step S115. Based 
on the battery voltage E M calculated in the step S107, the 
ECU 22 reads a charging efficiency M from the look-up 
table T4 stored in the LUT memory 46, and stores the read 
charging efficiency M in the charging efficiency storage area 
44/ in a step S116. 

In the steps S108-S116, either the charging efficiency M 
of 0%, or the charging efficiency M of 1 00%, or the charging 
efficiency M read from the look-up table T4 is stored in the 
charging efficiency storage area 44 i. 

Then, the ECU 22 reads a battery temperature T through 
the temperature detector 20, and reads a temperature cor- 
rective capacity Q. from the look-up table T 2 based on the 
read battery temperature T, and the temperature corrective 
capacity C r is slored in the RAM 44 in a step 118. 

At the same time, the ECU reads a temperature corrective 
coefficient X of a charging rale Y from the look-up table T6 
based on the battery temperature T in a step S120, and 
multiplies the temperature corrective coefficient X by a 
certain marginal percentage, e.g„ 115%, thus producing the 
charging rate Y (Y=Xxl.l5) in a step SI 22. The charging 
rale Y represents the difference between the rated capacity 
C,r and the present corrected residual capacity C r of the 
batteries 12, i.e., a coefficient of a target charge quantity. 

Then, the ECU 22 subtracts an initial value of the uncor- 
rected residual capacity C, of the batteries 12, which has 
been determined when the batteries 12 start being charged, 
from the rated capacity C r of the batteries 12, thereby 
determining a target charge quantity, and multiplies the 
target charge quantity by the charging rate Y that has been 
temperature-compensated, thereby determining a target 
charge quantity according to the following equation (6) in a 
step S124 (see FIG. 15): 



Target charge qtianiity=(C r -C CF )x Y (6) 

Since the charging rate Y has been multiplied by 1 15% in 
the step S122, the target charge quantity is set to a value 
which is 15% higher than the rated capacity Cp. 

Then, the ECU calculates charging quantities AC C for one 
minute from the average charging current 1^ calculated in 
the step S106, and integrates the charging quantities AC C 
into an integrated charging quantity C c in a step S126. 

The ECU 22 then determines whether the integrated 
charging quantity C c is greater than the target charge quan- 
tity or not in a step S128. If the integrated charging quantity 
C c is not greater than the target charge quantity, then the 
ECU 22 determines whether the fully charged flag has been 
set to "1" or not in a step S134. If the fully charged flag has 
not been set to "1", then a present corrected residual capacity 
C r is calculated as follows: 

The ECU 22 multiplies the integrated charging quantity 
C c which has been integrated from the start of the charge 
mode by the charging efficiency M which is stored in the 
RAM 44 in the step SU0, S114, or SU6, thus determining 
a charge quantity (C c xM), and a present corrected residual 
capacity C r is calculated from the charge quantity (C c xM) 
and the initial value of the uncorrected residual capacity C ( 
according to the following equation (7) in a step S130: 
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Then, the ECU 22 calculates a corrected residual capacity 
C r by correcting the uncorrected residual capacity C, with 
the temperature corrective capacity read in the step SI 18 
and the degradation corrective capacity C K and the tempo- 
rary corrective capacity which have been calculated and 
stored in the residual capacity corrective data storage area 
44/ m a previous charge mode according to the following 
equation (8) in a step S132: 



10 



c r <-c,+c r c JJ -c 7M . 



(8) 



20 



30 
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If the integrated charge quantity C c is greater than the 
target charge quantity in the step S128, then the ECU 22 
determines that the integrated charge quantity C t has 
reached the target charge quantity, Lc., the batteries 12 have 
sufficiently been charged. The ECU 22 outputs a signal to 
stop the supply of the charging current I c from the battery 
charger 14 to the batteries 12 in a step S136, thereby 
finishing the charge mode. 

If the fully charged flag has been set to "1** in the step 
5134, then the ECU 22 determines that the integrated charge 
quantity C c has reached the target charge quantity, and stops 
the supply of the charging current l c from the battery charger 
14 to the batteries 12 in the step S136. 

The fully charged nag used to determine whether the 
charge mode is to be finished or not is set as a result of a fully 
charged condition determining subroutine which is executed 
at a predetermined period, e.g., every 30 minutes. 

The fully charged condition determining subroutine will 
be described below. 

The ECU 22 reads a present charging current 1^, and 
determines the difference between the present charging 
current 1^ and a previous charging current I^,, i.e., a 
charging current supplied 30 minutes ago and stored in the 
RAM 44, is smaller than 1 (A) or not in a step S138. Tf the 
current difference is smaller than 1 (A), then the ECU 22 
determines that the charging current I c has not changed from 40 
the first current I, to the second current I 2 in the 30 minutes. 

Then, the ECU 22 determines whether the present charg- 
ing current \ cn is smaller than, i.e., 10 (A) in a step S139. If 
the present charging current 1^ is smaller than 10 (A), then 
the ECU 22 determines that the second current 1^ is supplied. 45 
from the battery charger 14 to the batteries 12 in a step SI 40. 
The ECU 22 determines whether the difference between a 
present battery voltage E„ and a previously measured battery 
voltage is smaller than a preset value, e.g., 1 (V), or not 
in a step S141. If the difference is smaller than 1 (V), then 50 
the ECU 22 sets the fully charged flag to "1" in a step S142, 
and repeats the step S100 and following steps again. Since 
the fully charged flag has been set to "1", control goes from 
the step S134 to the step S136 to finish the charge mode. 

If the voltage difference is not smaller than 1 (V) in the 55 
step S141, since the batteries 12 are not fully charged, the 
ECU 22 determines that die battery voltage E is increasing, 
and determines whether the difference between a present ~ 
battery temperature T n and a previously measured battery 
temperature T k _l which has been stored in the battery 60 
temperature storage area 44h is greater than a preset, value, 
e.g., 1° C, or not in a step S144. If the ttanperature 
difference is greater than 1° C, then the ECU 22 determines 
that the batteries 12 are fully charged, and sets the fully 
charged nag to "1" in the step S142. 

More specifically, when the batteries 12 are fully charged, 
the rate of increase of the battery voltage E is lowered (see 



65 



FIG. 16B at (i)), and a greater proportion of the charging 
current I,, is converted into heat, so that the battery tem- 
perature T increases. Consequently, if the battery voltage E 
varies within 1 (V) or the battery temperature T varies 
beyond 1° C. while the second current I a is being supplied 
from the battery charger 14 to the batteries 12, then the 
batteries 12 arc determined as being fully charged. 

If the difference between the present charging current 1^ 
and the previous charging current stored in the RAM 
44 is not smaller than 1 (A) in the step SI 38, or if the 
charging current I c is not smaller than 10 (A) in the step 
S139, then the ECU 22 determines that the first current I, is 
being supplied from the battery charger 14 to the batteries 12 
in a step S146, and then executes the step S141 and 
following steps. If the voltage difference is not smaller than 
1 (V) in the step S141 and also if the temperature difference 
is not greater than 1° C, in the step S144, then the ECU 22 
determines that the batteries 12 are not fully charged, and 
sets the fully charged flag to "0" in a step S148, and then 
executes the step S100 and following steps again. 

As described above, in the charge mode, the charging 
efficiency M is calculated from the changes of the battery 
voltage E, multiplied by the integrated charge quantity C c , 
and thus a sufficient charge quantity is set with respect to the 
rated capacity C^ 

By correcting the target charge quantity based on the 
battery temperature T, a short or excess of the charge 
quantity caused by the temperature change may be avoided. 

A process of detecting a residual capacity C of the 
batteries 12 in the standing mode will be described below 
with reference to FIGS. 17 and 18. 

When the ignition key is removed from the ignition 
switch 30, thus finishing the discharge mode, or the charging 
connector 26 is disconnected, thus finishing the charge 
mode, the ECU 22 determines that the batteries 12 arc in a 
standing mode in a step S200 (see FIG. 17), and reads a 
battery voltage E at the time the batteries 12 are determined 
as being in the standing mode, as an initial battery voltage 
E Bl in the standing mode in a step S202. 

Then, the ECU 22 determines whether lime t that has 
elapsed after the batteries 12 are determined as being in the 
standing mode has reached 15 minutes or not in a step S204. 
If 15 minutes have been reached, then the ECU 22 reads a 
battery voltage E ra or E H3 in a step S206, and determines 
whether the battery voltage E^ or E^ has increased 0.1 (V) 
from the initial battery voltage E B1 or not in a step S208. If 
the battery voltage E^ or E^ has not increased 0. 1 (V) from 
the initial battery voltage E a „ then the ECU 22 determines 
that the preceding mode was the charge mode in a step S210, 
and then sets a preceding mode flag to "1" in a step S212. 

If the battery voltage E m or has increased 0.1 (V) 
from the initial battery voltage E m , then the ECU 22 
determines that the preceding mode was the discharge mode 
in a step S214, and then sets a preceding mode flag to 'XT 
in a step S216. 

As shown in FIG. 19, after the charge mode is finished, 
the battery voltage E tends to drop and become stable after 
elapse of a predetermined time t^ and after the discharge 
mode is finished, the battery voltage E tends to increase 
immediately after the discharge mode. Therefore, the pre- 
ceding mode can be determined based on whether the 
battery voltage E^ or E^3 has decreased or increased from 
the initial battery voltage E Bt after elapse of 15 minutes. 

Then, the ECU 22 determines whether the time t that has 
elapsed after the batteries 12 are determined as being in the 
standing mode has reached 30 minutes in a step S218 (see 
FIG. 18). If the time t has reached 30 mimit^ then the ECU 
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22 determines whether the preceding mode flag is "1" ox not, 
i.e., whether the preceding mode is the charge mode or not, 
in a step S220. If the preceding mode is the charge mode, the 
ECU 22 reads the battery voltage E^ at this time through the 
voltage detector 18, and calculates a battery voltage per 5 
battery in a step S222. 

The ECU 22 reads a battery voltage E flB per b artery whi ch 
is expected to be in a stable state of the battery voltage after 
elapse of the time from the look-up table T5 based on the 
calculated battery voltage B BB per battery in a step S224. 10 
The ECU 22 reads an uncorrected residual capacity C, from 
the look-up tabic Tl based on the read battery voltage 
and stores the uncorrected residual capacity C r in the uncor- 
rected residual capacity storage area 44e in a step S226. 

If the time t has not reached 30 minutes, then the ECU 22 15 
determines whether the time t is smaller than 30 minutes or 
not in a step S228. If the time t has exceeded 30 minutes, 
then the ECU 22 determines whether the time thus exceeded 
1 SO minutes or not in a step S232. If the time t has not 
exceeded 180 minutes, i.e., if the time t has exceeded 30 20 
minutes, but is smaller than 180 minutes, then the ECU 22 
reads the preceding mode flag and determines whether the 
preceding mode is the charge mode or not in a step S234. If 
the preceding mode flag is "1", i.e., if the preceding mode is 
the charge mode, the ECU 22 executes the step S224 and 25 
following steps to read an uncorrected residual capacity C, 
from the look-up table Tl based on a battery voltage B BB per 
battery which is expected to be stable, and store the read 
uncorrected residual capacity C, in the uncorrected residual 
capacity storage area 44e. 30 

Since the uncorrected residual capacity C, is read from the 
look-up table Tl, the uncorrected residual capacity C r is not 
determined based on the battery voltage E which is decreas- 
ing after the batteries 12 have been charged, but determined 
based on the battery voltage B BB per battery which is 35 
expected to be in the stable state of the battery voltage. 
Therefore, the charged quantity is prevented from becoming 
insufficient at the time the batteries 12 are charged imme- 
diately thereafter, because the uncorrected residual capacity 
C, based on the battery voltage E BB after it has become 40 
stable ts smaller than the uncorrected residual capacity C, 
based on the battery voltage E M immediately after the 
charging mode is finished. 

If the time t has exceeded 180 minutes in the step S232, 
or if the preceding mode flag is not M l", Le., the preceding 45 
mode is not the charge mode, in the step S234, the ECU 22 
reads the battery voltage E at predetermined sampling times 
in a step S235, and then reads an uncorrected residual 
capacity C, at the battery voltage E from the look-up table 
Tl in which the uncorrected residual capacity C, has been so 
stored in the step 5226. Hie ECU 22 updates the preceding 
uncorrected residual capacity C, stored in the uncorrected 
residual capacity storage area 44e into the uncorrected 
residual capacity C, thus read. 

When the uncorrected residual capacity C, is read from 55 
the look-up table Tl, the ECU 22 sets the standing flag to 
"1" in a step S236. The standing flag "1" indicates that an 
integration error of the uncorrected residual capacity C, due 
to the integration of charge quantities AC C or the integration 
of discharge quantities AC, of the uncorrected residual 60 
capacity C, which has been calculated in the discharge 
mode, is canceled. 

More specifically, for determining an uncorrected residual 
capacity C, by integrating discharge quantities AC, an aver- 
age discharge current 1^ of discharge currents I 7J for one 65 
minute is calculated. When the average discharge current 
l w is determined, an error is produced. Such errors are 



integrated to introduce an integration error into the calcu- 
lated uncorrected residual capacity C r When the uncorrected 
residual capacity C r which contains an integration error of 
discharge quantities AC is updated into the uncorrected 
residual capacity C, read from the look-up table Tl, the 
integration error of the uncorrected residual capacity C, is 
canceled. 

If the time t is shorter than 30 minutes in the step S228, 
then a temperature corrective capacity C, is determined in a 
step S237. 

If trie time t has exceeded 180 minutes or if the time t has 
exceeded 30 minutes and shorter than 180 minutes and the 
preceding mode is not the charge mode, the ECU 22 
calculates a battery voltage E BB per battery from the battery 
voltage E that has been detected at predetermined sampling 
times, and reads an uncorrected residual capacity C, from the 
look-up table Tl based on the calculated battery voltage E BB 
per battery. 

If the preceding mode flag is not "1" in the step S220, the 
ECU 22 determines that the preceding mode is the discharge 
mode, and executes the step S228 and following steps. 

The ECU 22 reads a battery temperature T through the 
temperature detector 20, and reads a temperature corrective 
capacity C r from the look-up table T2 based on the read 
battery temperature Tin the step S237. The ECU 22 calcu- 
lates a corrected residual capacity C P by correcting die 
uncorrected residual capacity C a with the temperature cor- 
rective capacity C r read in the step S237 and the degradation 
corrective capacity C H and the temporary corrective capacity 
Cra, which have been calculated and stored in the residual 
capacity corrective data storage area 44/ according to the 
equation: C r <-C f +CV-Cjr-Cw in a step S238. 

Then, the ECU 22 repeatedly executes the step S202 and 
following steps to calculate the corrected residual capacity 
C r until it determines the batteries 12 as being in the 
discharge mode in a step S240 or as being in the charge 
mode in a step S242. 

In the standing mode, as described above, if the preceding 
mode is the discharge mode, then an uncorrected residual 
capacity C / is determined using a detected battery voltage E, 
and if the preceding mode is the charge mode, then an 
uncorrected residual capacity C r is determined using a 
battery voltage E BB which is expected to be in a stable state 
of the battery voltage. Consequently, since an uncorrected 
residual capacity C, is not calculated on the basis of a battery 
voltage E which is temporarily higher if the preceding mode 
is the charge mode, an uncorrected residual capacity C, is 
prevented from being calculated as a level higher than a 
virtual residual capacity C. 

For detecting the residual capacity of the batteries when 
they are left to stand after being charged or discharged, the 
method according to the present invention detennines 
whether the batteries have been charged or discharged 
before they are left to stand, based on a change in the battery 
voltage after the batteries arc left to stand. If the batteries 
have been charged before they are left to stand, then the 
residual capacity of the batteries is detected based on the 
battery voltage which is expected to be in a stable state 
settled after elapse of a predetermined period of time. 
Therefore, the residual capacity of the batteries while they 
are being left to stand is not detected based on a high battery 
voltage before it becomes stable, and hence can be detected 
with high accuracy. 

Although a certain preferred embodiment of the present 
invention has been shown and described in detail, it should 
be understood that various changes and modifications may 
be made therein without departing from the scope of the 
appended claims. 



12/27/99 M0N 14:33 [TX/RX NO 6722] 



5,614 

19 

What is claimed is: 

1. A method of detecting the residual capacity of a battery 
for energizing an electric motor to propel an electric vehicle 
while the battery is being discharged, based on an initial 
value of the residual capacity of the battery upon a transition 5 
of the battery to a discharging condition and a discharge 
current at predetermined periods from said battery after said 
transition, said method comprising the steps of: 

(a) calculating a maximum output which can be produced 
from said battery based on the discharge current from 10 
said battery and a battery voltage while the battery is 
being discharged; 

(b) calculating a maximum output density by dividing 
said maximum output by a weight of said battery and 
determining whether the residual capacity of the battery j 5 
is virtually zero or not based on the maximum output 
density; 

(c) calculating a degradation error corrective capacity for 
correcting for a change in the residual capacity due to 

a degradation of the battery when the residual capacity 20 
of said battery is virtually zero; and 

(d) correcting the residual capacity of said battery which 
has been calculated based on the initial value of the 
residua] capacity of the battery and the discharge cur- 
rent from said battery, with said degradation error 25 
corrective capacity, for thereby calculating the residua] 
capacity of said battery while the battery is being 
discharged. 

2. A method of detecting die residual capacity of a battery 
for energizing an electric motor to propel an electric vehicle 30 
while the battery is being discharged, based on an initial 
value of the residual capacity of the battery upon a transition 
of the battery to a discharging condition and a discharge 
current at predetermined periods from said battery after said 
transition, said method comprising the steps of: 35 

(a) detecting a battery voltage at predetermined periods 
while the battery is being discharged; 

(b) determining whether the detected battery voltage 
while the battery is being discharged is lower than a 
preset value or not; 

(c) determining the residual capacity of the battery as 
being virtually zero when the detected battery voltage 
while the battery is being discharged is determined as 
being lower than said preset value, to calculate a 45 
degradation error corrective capacity for correcting for 

a change in the residual capacity due to a degradation 
of the battery; and 

(d) correcting the residual capacity of said battery which 
has been calculated based on the initial value of the so 
residual capacity of the battery and the discharge cur- 
rent from said battery, with said degradation error 
corrective capacity, for thereby calculating the residual 
capacity of said battery while the battery is being 
discharged. 55 

3. A method according to claim 1, wherein said step (c) 
includes the step of calculating said degradation error cor- 
rective capacity based on whether an integration error of the 
discharge current from said battery has been canceled or not. 

4. A method according to claim 2, wherein said step (c) 60 
includes the step of calculating said degradation error cor- 
rective capacity based on whether a integration error of the 
discharge current from said battery has been canceled or not. 

5. A method according to claim 1, wherein said step (d) 
includes the steps of calculating a discharge current correc- 65 
tivc capacity to correct for a change in the residual capacity 
due to an average discharge current, and correcting the 
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residual capacity of said battery with said discharge current 
corrective capacity. 

6. A method according to claim 2, wherein said step (d) 
includes the steps of calculating a discharge current correc- 
tive capacity to correct for a change in the residual capacity 
due to an average discharge current, and correcting the 
residual capacity of said battery with said discharge current 
corrective capacity. 

7. A method according to claim 1, wherein said step (d) 
includes the steps of calculating a temperature corrective 
capacity to c or r e ct for a change in the residual capacity due 
to a battery temperature based on said battery temperature, 
and correcting the residual capacity of said battery with said 
temperature corrective capacity. 

8. A method of detecting the residual capacity of a battery 
for energizing an electric motor to propel an electric vehicle 
upon a transition of the battery to a charging condition, 
comprising the steps of: 

(a) detecting a residual capacity of the battery based on a 
battery voltage at the time the battery starts being 
charged, and calculating a required charge quantity 
from the detected residual capacity and a stored rated 
capacity of the battery; 

(b) delecting a battery temperature, and determining a 
temperature corrective coefficient to correct said 
required charge quantity with the battery temperature, 
based on said battery temperature; 

(c) calculating a target charge quantity at said battery 
temperature from said required charge quantity and 
said temperature corrective coefficient; 

(d) determining a charging efficiency representative of a 
proportion of a charging current supplied to the battery 
which is converted into a residual capacity, based on 
the battery voltage while the battery is being charged; 
and 

(c) determining an actual charge quantity from an inte- 
grated charge quantity indicative of an integrated aver- 
age charging current and said charging efficiency. 

9. A method according to claim 8, further comprising the 
step of outputting a signal to stop supplying the charging 
current to the battery when the actual charge quantity has 
reached at least one of either said target charge quantity or 
a fully charged capacity of the battery. 

10. A method according to claim 9, further comprising the 
step of setting a fully charged flag to provide information 
indicating that the residual capacity of the battery has 
reached said target charge quantity when a change in the 
battery voltage is lower than a preset value or a change in the 
battery temperature is higher than a preset value. 

11. A method of detecting the residual capacity of a 
battery for energizing an electric motor to propel an electric 
vehicle when the battery is left to stand after the battery has 
been either charged or discharged, comprising the steps of: 

(a) detecting a first battery voltage immediately after the 
battery is left to stand and a second battery voltage 
upon elapse of a predetermined tinr»- after the battery is 
left to stand, and calculating the difference between 
said first battery voltage and said second battery volt- 
age; 

(b) determining whether the battery has been in a charging 
condition or a discharging condition immediately 
before the battery is left to stand, based on said calcu- 
lated difference; 

(c) reading a third battery voltage corresponding to said 
second battery voltage from first memory means which 
stores said third battery voltage as a voltage which is 
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expected to be in a stable state of the battery voltage in 
a manner to correspond to said second battery voltage, 
when the baUery is determined as having been in the 
charging condition; and 
(d) reading a residual capacity of the battery correspond- s 
ing to the read third battery voltage from second 
memory means which stores said residual capacity in a 
manner to correspond to said third battery voltage. 

12. A method of detecting the residual capacity of a 
battery for energizing an electric motor to propel an electric to 
vehicle when the battery is left to stand after the battery has 
been either charged or discharged, comprising the steps of: 

(a) delecting a first battery voltage immediately after the 
battery is left to stand and a second battery voltage 
upon elapse of a predetermined time after the battery is 15 
left to stand, and calculating the difference between 
said first battery voltage and said second battery volt- 
age; 

(b) determining whether the battery has been in a charging 
condition or a discharging condition immediately 20 
before the battery is left to stand, based on said calcu- 
lated difference; and 

(c) reading a residual capacity of the battery correspond- 
ing to said second battery voltage from memory means ^ 
which stores said residual capacity in a manner to 
correspond to said second battery voltage, when the 
battery is determined as having been in the discharging 
condition immediately before the battery is left to 
stand. 

13. A method according to claim 11, wherein said step (d) 
includes a step of correcting the residual capacity of the 
battery with a corrective value for correcting a battery 
capacity based on at least one of a degradation of the battery 
and a corrective value for correcting a battery capacity based 35 
on an integration error which occurs when the residual 
capacity is calculated while the battery is in the charging 
condition, thereby producing a corrected residual capacity. 

14. A method according to claim 12, wherein said step (c) 
includes a step of correcting the residual capacity of the ^ 
battery with a corrective value for correcting a baUery 
capacity based on at least one of degradation of the battery 
and a corrective value for correcting a battery capacity based 
on an integration error which occurs when the residual 
capacity is calculated while the battery is in the charged 45 
condition, thereby producing a corrected residual capacity. 

15. A method according to claim 13, wherein said step of 
correcting the residual capacity of the battery includes a step 
of correcting the residual capacity of the battery with a 
battery temperature. ^ 

16. A method according to claim 14, wherein said step of 
correcting the residual capacity of the battery includes a step 
of correcting the residual capacity of the battery with a 
battery temperature. 

17. A method of detecting the residual capacity of a ^ 
battery for energizing an electric motor to propel an electric 
vehicle while the battery is being discharged, based on an 
initial value of the residual capacity of the battery upon a 
transition of the battery to a discharging condition and a 
discharge current at predetermined periods from said battery m 
after said transition, said method comprising the steps of: 

(a) calculating a maximum output which can be produced 
from said battery based on the discharge current from 
said battery and a battery voltage while the battery is 
being discharged; 65 

(b) calculating a maximum output density by dividing 
said maximum output by a weight of said battery and 
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determining whether the residual capacity of the battery 
is virtually zero or not based on the maximum output 
density; 

(c) calculating an integration error corrective capacity for 
correcting for an integration error of the discharged 
current from said battery, when the residual capacity of 
said battery is virtually zero; and 

(d) correcting the residual capacity of said battery which 
has been calculated based on the initial value of the 
residual capacity of the battery and the discharge cur- 
rent from said battery, with said integration error cor- 
rective capacity, for thereby calculating the residual 
capacity of said battery while the battery is being 
discharged. 

18. A method according to claim 17, wherein said step (c) 
includes the step of calculating said integration error cor- 
rective capacity based on whether an integration error of the 
discharge current from said battery has been cancelled or 
not. 

19. A method according to claim 17, wherein said step (d) 
includes the steps of calculating a discharge current correc- 
tive capacity to correct for a change in the residual capacity 
due to an average discharge current, and correcting the 
residual capacity of said battery with said discharge current 
corrective capacity. 

20. A method according to claim 17, wherein said step (d) 
includes the steps of calculating a temperature corrective 
capacity to correct for a change in the residual capacity due 
to a battery temperature based on said battery temperature, 
and correcting the residual capacity of said battery with said 
temperature corrective capacity. 

21. A method according to claim 17 further including a 
step of calculating a degradation error corrective capacity 
for correcting tor a change in the residual capacity of the 
battery due to degradation of the battery when the residual 
capacity of the battery is virtually zero, a step of deterrnining 
when an error in the residual capacity of the battery is caused 
by said degradation error corrective capacity, and then 
cancelling the calculated integration error corrective capac- 
ity and correcting the residual capacity of the battery with 
said degradation error corrective capacity. 

22. A method according to claim 17 further including a 
step of calculating a degradation error corrective capacity 
for correcting for a change in the residual capacity of the 
battery due to degradation of the battery when the residual 
capacity of the battery is virtually zero, a step of determining 
when an error in the residual capacity of the battery is caused 
by said integration error corrective capacity, and then can- 
celling the calculated degradation error corrective capacity 
and correcting the residual capacity of the battery with said 
integration error c orre ctive capacity. 

23. A method according to claim 17 further including a 
step of calculating a degradation error corrective capacity 
for correcting for a change in the residual capacity of the 
battery due to degradation of the battery when the residual 
capacity of the battery is virtually zero, and selectively 
correcting the residual . capacity of the battery with said 
degradation error corrective capacity and said integration 
error corrective capacity. 

24. A method of detecting the residual capacity of a 
battery for energizing an electric motor to propel an electric 
vehicle while the battery is being discharged, based on an 
initial value of the residual capacity of the battery upon a 
transition of the battery to a discharging condition and a 
discharge current at predeterrnined periods from said battery 
after said transition, said method comprising the steps of: 

(a) detecting a battery voltage at predetermined periods 
while the baUery is being discharged; 
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(b) determining whether the detected battery voltage 
while the battery is being discharged is lower than a 
preset value or not; 

(c) determining the residual capacity of the battery as 
being virtually zero when the detected battery voltage 
while the battery is being discharged is determined as 
being lower than said preset value, to calculate an 
integration error corrective capacity Tor correcting for 
an integration error of the discharge current from said 
battery; and 

(d) correcting the residual capacity of said battery which 
has been calculated based on the initial value of the 
residual capacity of the battery and the discharge cur- 
rent from said battery, with said integration error cor- 
rective capacity, for thereby calculating the residual 
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capacity of said battery while the battery is being 
discharged. 

25. A method according to claim 24, wherein said step (c) 
includes the step of calculating said integration error cor- 
rective capacity based on whether an integration error of the 
discharge current from said battery has been cancelled or 
not. 

26. A method according to claim 24, wherein said step (d) 
includes the steps of calculating a discharge current correc- 
tive capacity to correct for a change in the residual capacity 
due to an average discharge current, and correcting the 
residual capacity of said battery with said discharge current 
corrective capacity. 
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